This paper provides an overview of the experimental aerodynamics test program to ensure mission success for the autonomous flight of the Hyper-X Research Vehicle (HXRV).
lifting body technology demonstrator designed to flight demonstrate for the first time a fully airframe integrated scramjet propulsion system. Three flights are currently planned, two at Mach 7 and one at Math 10, beginning in the fall of 2000.
The research vehicles will be boosted to the prescribed scramjet engine test point where they will separate from the booster, stabilize, and initiate engine test. Following 5+ seconds of powered flight and 15 seconds of cowlopen tares, the cowl will close and the vehicle will fly a controlled deceleration trajectory which includes numerous control doublets tor in-flight aerodynamic parameter identification. This paper reviews the preflight testing activities, wind tunnel models, test rationale, risk reduction activities, and sample results from wind tunnel tests supporting the flight trajectory of the HXRV from hypersonic engine test point through subsonic tlight termination. or "stack" configuration and is shown in Figure I . it is dropped at an altitude of approximately 20.000 ft and a Mach number of 0.5. Shortly after drop, the booster solid rocket motor is ignited and the HXLV flies a nominal ascent profile to the HXRV test point as indicated in Figure 2 . At a point just prior to the scramjet engine test, the Hyper-X flight vehicle is separated from the launch vehicle. Immediately following the stage separation event, the HXRV control system will stabilize the vehicle and the scramjet test portion of the experiment will begin. The scramjet engine inlet door will be opened, and the scramjet fueling sequence will commence. A combination of silane (Sill4) and gaseous hydrogen (H2) is injected into the combustor region, resulting in powered scramjet engine operation.
Silane is used only during the initial ignition process, alter which pure hydrogen is injected and combusted.
Alter the fuel is depleted, the flight vehicle will record several seconds of engine-off aerodynamic tare data, then the inlet cowl door will be shut and the vehicle will An example of the results of this series of tests are shown in Figure 6 , in which the pitching moment data are shown for the HXRV configuration with the sting only, blade only, sting + dummy blade, and blade + dummy sting.
The effect of the blade mount on pitching moment is rather dramatic.
The primary influence of the presence of the blade is to pressurize the upper surface aft of the c.g., yielding a nose-up pitching moment increment.
From this series of tests, a set of blade mount increments were derived by taking the difference of the sting mount + dummy blade results and the sting alone data. These increments were then applied to the AEDC stage For example, a +5 degree aileron deflection about a 7.5 degree elevon deflection would require a 5 degree Left tail deflection and a 10 degree right tail deflection.
The figures indicate a strong dependence of aileron effectiveness on the nominal elevon deflection angle.
In particular, the aileron roll effectiveness is almost 70% greater about a 7.5 degree elevon deflection as opposed to a 0 degree elewm deflection. However, as angle-of-attack increases, the rudders tend to lose effectiveness in a rather dramatic fashion.
In fact, at angles-of-attack approaching I0 degrees, the rudders are almost completely ineffective. This is due primarily to the crossl]ow separation occurring over the vehicle forebody which tends to bury the vertical tails and rudders in a low energy wake flow (the socalled ++hypersonic shielding effect'+). The design test point is at an angle-of-attack of two degrees, a condition at which the rudders do provide some degree of directional control authority. However, at a point in the flight trajectory beyond the engine test and post test tares, the vehicle must pull up to an angle-of-attack of approximately 10 degrees in order to generate enough lift to maintain its predetermined altitude profile.
At this condition, the rudders will provide little in the way of directional control, and the vehicle will be forced to rely on alternate methods for directional control authority and stability augmentation.
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'"': Mach number. This is due in part to the increased angle of attack in the higher Mach number portion of the trajectory required to generate sufficient lift to maintain its predetermined altitude profile. At higher angles of attack, the rudders are shadowed by the tbrebody and will provide little directional control. 
